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® A light shutter system (10) incorporates a liquid 
crystal cell (12) operating as a variable optical re- 
tarder to selectively produce opaque and transmis- 
sive optical states corresponding to the respective 
first and second amounts of system optical retarda- 
tion. The cell switches between a residual amount of 
retardation and an increased amount that equals the 
sum of half-wave retardation and the amount of 
residual retardation to provide a shutter system 
whose system retardation switches between zero 
retardation and half-wave retardation and thereby 
produces opaque and transmissive states with an 
optimal contrast ratio. The cell is positioned between 



a linear polarizing filter (14) and an elliptical analyzer 
(16), the latter including a linear polarizing filter (20) 
and an optical retarder (18) of fixed value. The 
transmission axis of the linear polarizing filters are 
angularly displaced relative to a projection of the 
optic axes of the cell by an amount that provides 
maximum light extinction in the opaque state. Maxi- 
mum output light transmission in the transmission 
state is achieved by establishing for the ceil an 
optical thickness that exceeds half-wave retardation 
by an additional amount equal to the residual re- 
tardation. Other preferred embodiments that provide 
equivalent performance are described. 




FIG, 7 
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Technical Field 

The present invention relates to light shutter 
systenns and, in particuiar, to a light shutter system 
having an opaque optica! state with maximum light 
extinction and a transmissive optical state with 
maximunn light transmission. 

Background of the Invention 



Light shutter systems such as, for example, 
stereoscopic systems switching between opaque 
and transmissive optical states to alternately trans- 
mit left- and right-eye images to a viewer prefer- 
ably have high contrast ratios. A maximum contrast 
ratio can be achieved by providing maximum out- 
put light extinction in the opaque state to block an 
image from the viewer's eye and maximum light 
transmission in the transmissive state to convey an 
image to the viewer's eye. 

U.S. Patent No. 4.767.190 of DIr et al. de- 
scribes a liquid crystal image bar having an en- 
hanced contrast ratio. The Dir et al. image bar 
includes a birefringent liquid crystal cell positioned 
between an elliptical analyzer and a linear polarizer 
to produce opaque and transmissive optical states. 
The elliptical analyzer comprises a tilted polarizer 
and a quarter- wave plate that cooperate to com- 
pensate for elliptical polarization introduced by the 
residual birefringence of the liquid crystal cell when 
it is excited to its field-aligned state. The effect of 
the residual birefringence is to reduce light extinc- 
tion in the opaque state. The elliptical analyzer 
provides maximum light extinction in the opaque 
state at the possible expense of a quantity of light 
loss in the transmissive state. 

One way of reducing residual birefringence Is 
to apply a very high voltage across the liquid 
crystal cell and thereby introduce a high intensity 
electric field within the cell. The use of high drive 
voltages is undesirable, however, because it entails 
the increased expense of providing a high voltage 
circuit that is capable of driving the capacitive load 
presented by the cell and creates possible reliabil- 
ity problems stemming from a consequent increase 
in power dissipation. 

Dir et al. notes, in column 9 beginning at line 
51 , that the contrast enancement achieved with the 
described quarter-wave plate approach results in 
nearly doubled response times. Such an increase 
is often undesirable and In many applications is 
unacceptable. 

U.S. Patent No. 4,884,876 of Lipton et al. de- 
scribes an achromatic stereoscopic system using a 
linear polarizer, an elliptical analyzer, and a liquid 
crystal cell of the same construction taught by Dir 
et al. to provide alternating left- and right-eye im- 
age scenes to a viewer. Lipton et al. states that 



judicious alignment of the transmission axes of the 
linear and elliptical polarizers and the rub axis of 
the liquid crystal cell achieves an optimal dynamic 
range between optical states. Lipton et al. advises 
5 that an optimal dynamic range may be less than 
the maximum dynamic range. 

Summary of the Invention 



10 An object of the present invention is, therefore, 

to provide a light shutter system that provides a 
maximum contrast ratio between two optical states. 

Another object of the invention is to provide 
such a system that develops maximum light extinc- 

75 tion and maximum light transmission in its respec- 
tive opaque and transmissive optical states. 

A further object of the Invention is to provide 
such a system that is capable of providing maxi- 
mum light extinction in the opaque state without 

20 using a high voltage drive signal. 

Yet another object of the invention is to provide 
such a system having maximum light extinction in 
the opaque state but without significantly increased 
response times. 

25 Still another object of the invention is to pro- 

vide such a system of the stereoscopic type. 

The present invention is a light shutter system 
that incorporates a variable optical retarder to se- 
lectively produce opaque and transmissive optical 

30 states corresponding to respective first and second 
amounts of system optical retardation. The first and 
second amounts of system retardation are prefer- 
ably zero and half-wave Tetardation, respectively. 
The system includes a liquid crystal cell operating 

35 as a variable optical retarder that provides a resid- 
ual amount of optical retardation when the cell Is in 
a field-aligned state and an increased amount of 
optical retardation when the cell is In a partly 
relaxed state. The increased amount of retardation 

40 is established by the optical thickness of the cell 
and represents the sum of the residual retardation 
and the second amount of system retardation. The 
residual amount of retardation produces the opaq- 
ue state with maximum light extinction, and the 

45 increased amount of retardation provides the trans- 
missive state with maximum light transmission. 

The liquid crystal cell is positioned between a 
linear polarizing filter and an elliptical analyzer, the 
latter including a linear polarizing filter and an op- 

50 tical retarder of fixed value. The transmission axes 
of the linear polarizing filters are angularly dis- 
placed relative to a projection of the optic axes of 
the cell by an amount that provides maximum light 
extinction In the opaque state. Such maximum light 

55 extinction is accomplished by the elliptical analyzer 
compensating for the residual amount of retardation 
of the liquid crystal cell in its field-aligned state. 
Maximum output light transmission in the trans- 
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missive state is achieved by establisliing for the 
liquid crystal cell an optical thickness that exceeds 
half-wave retardation by an additional amount equal 
to the residual retardation. This additional amount 
of retardation is offset in the system by the optica! 
retarder of fixed value. 

Therefore, the liquid crystal cell switches be- 
tween the residual amount of retardation and an 
amount equal to the sum of half-wave retardation 
and the amount of residual retardation to provide a 
shutter system whose system retardation switches 
between zero retardation and half-wave retardation 
and thereby produces opaque and transmissive 
states with an optimal contrast ratio. 

Additional objects and advantages of the 
present invention will be apparent from detailed 
description of preferred embodiments thereof, 
which proceeds with reference to the accompany- 
ing drawings. 

Brief Description of the Drawings 



Fig. 1 is a diagram of a liquid crystal light 
shutter showing the orientation of the transmission 
axes of the polarizing filters and optic axis of the 
optical retarder relative to the projection of the 
optic axes of the liquid crystal variable optical 
retarder in a first embodiment of the present Inven- 
tion. 

Fig. 2 is a diagram showing the orientation of 
the transmission axes of the polarizing filters and 
optic axis of the optical retarder relative to the 
projection of the optic axes of the liquid crystal 
variable optical retarder in an alternative embodi- 
ment of the present invention. 

Fig. 3 Is a diagrammatic cross-sectional side 
elevation view of the liquid crystal cell Incorporated 
In the system of the present invention. 

Figs. 4A and 4B are schematic diagrams of the 
director alignment configuration of the liquid crystal 
cell used In the system of the present invention in, 
respectively, the field-aligned ("ON") state and the 
partly relaxed ("OFF") state. 

Fig. 5 shows a preferred drive voltage 
waveform that is applied to the liquid crystal cell in 
the system of the present invention. 

Detailed Description of Preferred Embodiments 

Fig. 1 shows a light shutter system 1 0 accord- 
ing to a preferred embodiment of the present in- 
vention. Such a shutter system may be used to 
particular advantage in the left and right eye pieces 
of active stereoscopic viewing glasses to which 
suitable drive voltages are applied to decode ste- 
reoscopic image information carried by light In- 
cident to the glasses. 

System 10 includes a liquid crystal cell 12 
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positioned in plane parallel relation between a neu- 
tral density linear polarizing filter 14 and an ellip- 
tical analyzer 16. Analyzer 16 includes a quarter- 
wave plate 18 and a neutral density linear polariz- 

5 ing filter 20. Cell 12 operates as a variable optical 
retarder that switches between two optical retarda- 
tion states in response to voltages applied to elec- 
trical conductors 22, 23 by a drive circuit (not 
shown). Cell 12 develops a residual amount of 

10 retardation in response to an applied voltage, Vi , 
which is preferably ±15 volts, and an increased 
amount of retardation established by the optical 
thickness of cell 12 in response to a reduced 
voltage, V2, which is preferably 0.0 volts. The vol- 

75 tages Vi, and V2 develop a field-aligned or "ON" 
state and a partly relaxed or "OFF" state, respec- 
tively, of cell 12. 

The transmission axes of linear polarizing filters 
14 and 20 and the optic axis of quarter-wave plate 

20 18 are aligned relative to the projection of the optic 
axes of cell 12, and the optical thickness of cell 12 
is set so that system 10 provides an opaque optical 
state with maximum light extinction whenever cell 
12 is excited to its "ON" state and a transmissive 

25 state with maximum light transmission whenever 
cell 12 partly relaxes to its "OFF" state. 

More specifically, cell 12 has light communicat- 
ing surfaces 30 on which Its optic axes form a 
horizontally aligned projection 32. Projection 32 of 

30 the optic axes of cell 12 is parallel to the rub 
direction of a cell whose surface alignment film is 
conditioned by rubbing, which will be further de- 
scribed below. Polarizing filter 14 has a transmis- 
sion axis 34 that is inclined at a 45" angle in a 

35 clockwise sense relative to projection 32 of the 
optic axes of cell 12. 

Quarter-wave plate 18 and linear polarizing fil- 
ter 20 of elliptical analyzer 16 have an optic axis 36 
and a transmission axis 38, respectively. Optic axis 

40 36 of quarter-wave plate 18 and transmission axis 
38 of polarizing filter 20 are oriented to compen- 
sate for the residual retardation resulting from the 
residual birefringence of cell 12 in the "ON" state. 
In a preferred embodiment, optic axis 36 of 

46 quarter-wave plate 18 is parallel to transmission 
axis 34 of polarizing filter 14, and transmission axis 
38 of polarizing filter 20 is inclined at an angle 40 
of 57.5' in a counter-clockwise sense relative to 
the horizontally aligned projection 32 of the optic 

50 axes of cell 12. It will be appreciated that modifying 
elliptical analyzer 16 by inclining optic axis 36 of 
quarter-wave plate 18 at a 45* angle in a counter- 
clockwise direction relative to projection 32 of the 
optic axes of cell 12 and by inclining transmission 

56 axis 38 of polarizing filter 20 at a 32.5* angle in a 
counter-clockwise direction relative to projection 32 
of the optic axis of cell 12 provides an equivalent 
optical component arrangement to that shown in 

3 
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Fig. 1. 

System 10 is designed to process incident light 
in the following manner. Linear polarizer 14 and 
elliptical analyzer 16 are oriented relative to projec- 
tion 32 of the optic axes of cell 12 to provide 
maximum extinction for all wavelengths of incident 
light when cell 12 is excited to the "ON" state. In a 
preferred embodiment, cell 12 in the "ON" state 
provides about 30 nm of residual retardation and 
thereby imparts a small amount of elliptical po- 
larization to the linearly polarized light incident to 
the cell. The elliptically polarized light exiting cell 
12 and striking elliptical analyzer 16 has ortho- 
gonally related high intensity and low intensity 
components. The low intensity component passes 
through transmission axis 38 of polarizer 20 and 
thereby reduces the extinction of light in the opaq- 
ue state. 

To compensate for the 30 nm of residual re- 
tardation and thereby eliminate the elliptical po- 
larization imparted to light propagating through cell 
12, transmission axis 38 of polarizer 20 is angularly 
displaced by the 57.5* angle 40 relative to projec- 
tion 32 of the optic axis of cell 12. Thus, the 
introduction of quarter-wave plate 18 and the tilting 
of transmission axis 38 of polarizer 20 provide 
maximum light extinction when cell 12 is in the 
"ON" state. 

A light shutter system using a variable optical 
retarder to operate between opaque and transmis- 
sive states typically switches between respective 
system retardation amounts of nominally zero and 
half-wave retardation. A preferred embodiment of 
system 10 switches between 0 nm and about 270 
nm of system retardation, in which 270 nm repre- 
sents half-wave retardation. The selection of 270 
nm of retardation stems from an intention to maxi- 
mize the transmission of white light through system 
10. Because system 10 uses elliptical analyzer 16 
to compensate for 30 nm of residual retardation of 
cell 12 in the "ON" state to provide maximum light 
extinction In the opaque state, in the absence of 
additional compensation, there Is a consequent re- 
duction of light transmission in the transmissive 
state. This is so because elliptical analyzer 16 also 
decreases by 30 nm the retardation of light im- 
parted by cell 12 In the "OFF" state. 

A preferred embodiment of system 10 incor- 
porates cell 12 whose optical thickness is greater 
than the nominal optical thickness that provides 
270 nm of system retardation when cell 12 is 
switched to the "OFF" state. Cell 12 is constructed 
with a thickness dimension that provides, for liquid 
crystal material of a specified birefringence, an 
optical thickness that develops 300 nm of optical 
retardation for cell 12 in the "OFF" state. Cell 12 
switches between 30 nm and 300 nm of optical 
retardation to provide system 10 with 0 nm and 
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270 nm of retardation in the opaque state and 
transmissive state, respectively. Thus, the optical 
components of system 10 are oriented to achieve 
maximum light extinction in the opaque state, and 

5 the optical thickness of cell 12 is specified to 
achieve maximum light transmission in the trans- 
missive state. 

In addition to achieving a maximum contrast 
ratio, system 10 does not suffer from a loss of 

10 speed; the response time of the system is essen- 
tially the same as for a cell without the quarter- 
wave plate compensator. 

Fig. 2 shows an alternative light shutter system 
48. With reference to Fig. 2, an optical retardation 

75 plate 50 providing 30 nm of retardation substitutes 
for quarter-wave plate 18 in system of Fig. 1. and 
polarizing filter 20 Is oriented so that its transmis- 
sion axis 38 is orthogonally aligned with transmis- 
sion axis 34 of polarizing filter 14. Optic axis 52 of 

20 retardation plate 50 is orthogonally aligned with 
projection 32 of the optic axes of cell 12 and 
disposed at 45' angles relative to transmission 
axes 34 and 38 of the respective polarizing filters 
14 and 20. The 30 nm of retardation provided by 

26 retardation plate 50 compensates for the 30 nm of 
residual retardation provided by cell 12 in the "ON" 
state in the manner described above with reference 
to Fig. 1 . The optical thickness of cell 12 is also the 
same as that described above with reference Fig. 

30 1. 

Retardation plate 50 is suitably constructed by 
laminating in system 48 a film of cellulose dla- 
cetate of appropriate thickness in the range of 2-10 
mils (nominally 3-4 mils) to provide 30 nm retarda- 

35 tion. A suitable film of this type is manufactured by 
Courtaulds Acetate, Derby, United Kingdom. 

The preferred embodiments of the present In- 
vention incorporate liquid crystal cell 12 operating 
as a 30 nm to 300 nm optical retarder to operate 

40 systems 10 and 48 between zero and half-wave 
optical retardation. Liquid crystal cell 12 controls 
the retardation of light passing therethrough in re- 
sponse the Intensity of an electric field produced 
by an excitation voltage applied to the cell elec- 

46 trode structures. 

With reference to Fig. 3. a liquid crystal cell 12 
includes a pair of generally parallel, spaced-apart 
electrode structures 102 and 104 with nematic liq- 
uid crystal material 106 captured therebetween. 

50 Electrode structure 102 comprises a glass dielec- 
tric substrate 108 which has on its inner surface a 
layer 110 of electrically conducting, but optically 
transparent, material such as indium tin oxide. Di- 
rector alignment film layer 112 is applied to con- 

56 ductive layer 110 and forms a boundary between 
electrode structure 102 and liquid crystal material 
106. The surface of film 112 that contacts the liquid 
crystal material is conditioned in accordance with 

4 



7 



EP 0 463 723 A2 



8 



one of two preferred methods to promote a pre- 
ferred orientation of the directors of the liquid cry- 
stal material in contact therewith. The materials 
constituting and the corresponding methods of con- 
ditioning the director alignment film 112 are de- 
scribed in detail hereinbelow. Electrode structure 
104 is of a construction similar to that of electrode 
structure 102, and the components corresponding 
to those of electrode structure 102 are shown with 
identical reference numerals followed by primes. 

The short length edges of electrode structure 
102 and 104 are offset relative to each other to 
provide access to conductive layers 110 and liO' 
for connecting at terminals 22, 23 the conductors of 
a selected output of a drive voltage circuit. Spacers 
114 may be comprised of a suitable material such 
as glass fiber to preserve the general parallel rela- 
tion between electrode structures 102 and 104. 

With reference to Figs. 4A and 4B, film layer 
112 of electrode structure 102 is conditioned so 
that electrode structure surface contacting directors 
116 are aligned parallel to each other at a tilt bias 
angle + e, which is measured in the counterclock- 
wise sense with reference to the surface of film 
layer 112. Film layer 112' of electrode structure 
104 is conditioned so that the electrode structure 
surface contacting directors 118 are aligned par- 
allel to each other at a tilt bias angle -G, which is 
measured in the clockwise sense with reference to 
the surface of film layer 112'. Thus, liquid crystal 
cell 12 is fabricated so that the surface contacting 
directors 116 and 118 of the opposed surfaces of 
director alignment layers 112 and 112' of electrode 
structures 102 and 104, respectively, are tilt biased 
in opposite directions. 

A first preferred method of effecting the de- 
sired alignment of the surface contacting directors 
entails the use of polyamide as the material that 
comprises the alignment film layers 112 and 112' 
on electrode structures 102 and 104, respectively. 
Each alignment film layer is rubbed to produce a 
tilt bias angle |ej, with 2* to 5* being the preferred 
range. A second preferred method of effecting the 
desired alignment of the surface contacting direc- 
tors entails the use of silicon monoxide as the 
material which comprises the alignment film layers 
112 and 112' of electrode structures 102 and 104, 
respectively. The silicon monoxide layer is evap- 
orated and vapor deposited preferably at a 5* 
angle measured from the electrode structure sur- 
face in an amount sufficient to produce a tilt bias 
angle |e| of between 10° to 30°, with 15* to 25° 
being the preferred range. 

It will be appreciated that methods for deposit- 
ing silicon monoxide or other alignment materials 
to align liquid crystal molecules in a predetermined 
direction have been disclosed previously by others 
and are known to those having ordinary skill in the 
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art. One such method, for example, Is disclosed in 
U.S. Patent No. 4,165,923 of Janning. 

Fig. 4A depicts the orientation of surface non- 
contacting directors 120 when an AC signal Vi of 
5 ±15 volts is applied to conductive layers 110 and 
110' of electrode structures 102 and 104, respec- 
tively. The signal Vi on conductive layer 110' con- 
stitutes a first switching state produced at the out- 
put of the drive voltage circuit and produces an 

10 alternating electric field, E. between electrode 
structures 102 and 104 within liquid crystal cell 12 
to force cell 12 into its "ON" state. A substantial 
number of the surface noncontacting directors 120 
of a liquid crystal material 106 that has a positive 

75 anisotropy value align essentially end-to-end along 
direction 121 of the electric field flux lines within 
the cell, which direction is normal to the con- 
ditioned surfaces of the electrode structures. Thus, 
when cell 12 is excited into its "ON" state, the 

20 surface noncontacting directors 120 are aligned 
perpendicularly to the surfaces of the cell. 

Fig. 4B depicts the orientation of surface non- 
contacting directors 120 after the signal Vi is re- 
moved so that the alignment of surface noncontac- 

25 ting directors is influenced not by an electric field 
produced between electrode structures 102 and 
104 within the cell, but by the intermolecular elastic 
forces that cause relaxation of the surface noncon- 
tacting directors from the end-to-end alignment of 

30 the "ON" state. The removal of signal Vi con- 
stitutes a second switching state produced at the 
output of the drive voltage circuit. The director 
orientation shown in Fig. 4B corresponds to that of 
the "OFF" state of the cell. Switching cell 12 to the 

36 "OFF" state can also be accomplished by applying 
to the cell a signal V2 of about 0.0 volts produced 
at the output of the drive voltage circuit. 

Fig. 5 shows a preferred drive voltage 
waveform for operating cell 12 as a stereoscopic 

40 image decoder. Altemately applying Vi = ±15 
volts and V2 = 0.0 volts to cell 12 as indicated 
switches systems 10 and 48 between respective 
opaque and transmissive optical states. 

During the transition from the "ON" state to the 

45 "OFF" state of cell 12, the surface noncontacting 
directors 120' recede from the end-to-end align- 
ment normal to the electrode structure surfaces 
and attempt to assume a generally parallel relation 
with the adjacent directors. Thus, surface noncon- 

50 tacting directors 120a and 120b rotate in a clock- 
wise sense as shown by direction arrows 122a in 
order to achieve a near-parallel relation as respects 
directors 116 and 120a, respectively; and surface 
noncontacting directors 120c and 120d rotate in a 

65 counterclockwise sense as shown by direction ar- 
rows 122b to achieve a near-parallel relation as 
respects directors 118 and 120c, respectively. 
Thus, when cell 1 2 relaxes to its "OFF" state, each 

5 
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one of a substantial number of the surface noncon- 
tacting directors 120 is aligned so that it projects a 
director component onto the surfaces of the cell. 
Surface noncontacting directors 120 lie, however, 
approximately In a plane that is perpendicular to 
the surfaces of cell 12. 

The method of operating liquid crystal cell 12 
as a 30 mn to 300 nm optical retarder is directed 
to the disclination-free surface noncontacting direc- 
tor relaxation from the electric field aligned or 
"ON" state depicted by Fig. 4A to the planar 
configuration or "OFF" state depicted by Fig. 4B. 
In the present invention, liquid crystal cell 12 is 
operated as a 30 nm to 300 nm optical retarder 
whose projection 32 of the optic axes of cell 12 
corresponds to the alignment direction of the sur- 
face noncontacting directors 120. 

Linearly polarized light that propagates in di- 
rection 126 normal to the surfaces of electrode 
structures 102 and 104 is coincident with the direc- 
tion of surface noncontacting directors 120 when 
the liquid crystal cell is in the "ON" state. Directors 
120 are oriented in such "ON" state so that there 
is a very small projection 32 of the optic axes of 
cell 12 on the electrode structure surfaces of the 
cell. Under these conditions, liquid crystal cell 12 
produces 30 nm optical retardation for incident light 
propagating in direction 126, 

Linearly polarized light that propagates in di- 
rection 126 normal to the surfaces of electrode 
structures 102 and 104 is noncoincident with the 
alignment direction of surface noncontacting direc- 
tors when the liquid crystal cell is in the "OFF" 
state. Directors 120 are oriented in such "OFF" 
state so that each one of a substantial number of 
them projects a component on the electrode struc- 
ture surfaces of the cell. Under these conditions, 
liquid crystal cell 12 has an effective birefringence 
for generally normally incident light. The orientation 
of surface noncontacting directors 120 provides 
300 nm optical retardation for light of the 
wavelength that satisfies the mathematical expres- 
sion: 



AnM = 0.555, 
k 

where d represents the thickness 128 and An re- 
presents the effective birefringence of the cell. 

The optical thickness of cell 12 is defined 
herein as the product of the effective birefringence, 
An', of the cell and the thickness, d. The effective 
birefringence. An*, is equal to or less than the 
birefringence. An. of the liquid crystal material by 
an amount determined by the cell construction and 
the applied drive voltage waveform. To provide 300 



nm retardation In the "OFF" state, cell 12 may be 
fabricated with 2LI-1565 type liquid crystal material 
of An = 0.129 manufactured by E. Merck, of 5.5 
micron thickness, and driven by the waveform 

5 shown in Fig. 5. 

It will be obvious to those having skill in the art 
that many changes may be made in the above- 
described details of the preferred embodiments of 
the present invention without departing from the 

10 underlying principles thereof. The scope of the 
present invention should, therefore, be determined 
only by the following claims. 

Claims 

75 

1. A light shutter system that produces opaque 
and light transmitting optical states corre- 
sponding to respective first and second 
amounts of system optical retardation, com- 

20 prising: 

variable optical retarder means for selec- 
tively providing a residual amount of optical 
retardation and an increased amount of optical 
retardation to produce the respective opaque 

25 and transmlssive optical states; and 

first and second polarizing means between 
which the variable optical retarder means is 
positioned for polarizing light incident to them, 
the first polarizing means including a linear 

30 polarizing filter and a fixed optical retarder that 

cooperate to compensate for the residual 
amount of retardation, and the increased 
amount of retardation being substantially equal 
to the sum of the second amount of system 

35 retardation and the residual amount of retarda- 

tion so as to maximize light transmission in the 
transmlssive optical state. . 

2. The light shutter system of claim 1 in which 
40 the increased amount of retardation is estab- 
lished by the optical thickness of the retarder 
means, and the second amount of system re- 
tardation is less than the increased amount of 
retardation. 

45 

3. The light shutter system of claim 1 in which 
the linear polarizing filter and the fixed optical 
retarder of the first polarizing means constitute 
an elliptical polarizer, the fixed optical retarder 

60 providing quarter-wave retardation. 

4. The light shutter system of claim 1 in which 
the linear polarizing filter of the first polarizing 
means constitutes a first linear polarizing filter 

55 having a first transmission axis and in which 

the second polarizing means comprises a sec- 
ond linear polarizing filter having a second 
transmission axis, the first and second trans- 
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mission axes being disposed at an angle other 
than 90* to produce essentially complete light 
extinction and essentially maximum light trans- 
mission in the respective first and second op- 
tical states. 5 

5. The light shutter system of claim 4 in which 
the variable optical retarder means has light 
communicating surfaces on which an optic axis 
projects, the projection of the optic axis being io 
inclined at a 45* angle relative to only, one of 

the first and second transmission axes. 

6. The light shutter system of claim 5 in which 

the projection of the optic axis is inclined at a 76 
45 angle relative to the second transmission 
axis. 

7. The light shutter system of claim 4 in which 

the fixed optical retarder comprises a quarter- 20 
wave plate. 

8. The light shutter system of claim 1 in which 
the first and second amounts of systenn optical 
retardation equal essentially zero and half- 25 
wave retardation, respectively. 

9. The light shutter system of claim 1 in which 
the fixed optical retarder is of a value that 
equals the residual amount of retardation. 30 

10. The light shutter of claim 9 In which the linear 
polarizing filter of the first polarizing means 
constitutes a first linear polarizing filter having 

a first transmission axis and in which the sec- 35 
ond polarizing means comprises a second lin- 
ear polarizing filter having a second transmis- 
sion axis, first and second transmission axes 
being disposed at a 90' angle to produce 
essentially complete light extinction and essen- 4o 
tially maximum light transmission in the re- 
spective first and second optical states. 

11. The light shutter of claim 10 in which the fixed 
optical retarder is disposed at a 45* angle 45 
between the first and second transmission 
axes of the respective first and second linear 
polarizing filters. 

12- The light shutter of claim 1 in which the vari- 50 
able optical retarder means is of the liquid 
crystal type. 
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© A light shutter system (10) incorporates a liquid 
crystal cell (12) operating as a variable optical re- 
tarder to selectively produce opaque and transmls- 
slve optical states corresponding to the respective 
first and second amounts of system optical retarda- 
tion. The cell switches between a residual amount of 
retardation and an increased amount that equals the 
sum of half-wave retardation and the amount of 
residual retardation to provide a shutter system 
whose system retardation switches between zero 
retardation and half-wave retardation and thereby 
produces opaque and transmissive states with an 
optimal contrast ratio. The cell is positioned between 



a linear polarizing filter (14) and an elliptical analyzer 
(16), the latter including a linear polarizing filter (20) 
and an optical retarder (18) of fixed value. The 
transmission axis of the linear polarizing filters are 
angularly displaced relative to a projection of the 
optic axes of the cell by an amount that provides 
maximum light extinction in the opaque state. Maxi- 
mum output light transmission in the transmission 
state is achieved by establishing for the cell an 
optical thickness that exceeds half-wave retardation 
by an additional amount equal to the residual re- 
tardation. Other preferred embodiments that provide 
equivalent performance are described. 
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